The antibacterial action of the vapours of the volatile anaesthetic agents on E. coli has been investigated. Known numbers of organisms were exposed to various concentrations of halothane, chloroform, trichloroethylene, methoxyflurane, and diethyl ether, under controlled conditions of humidity and oxygen concentration. It was found that these agents reduced the survival of the organisms to an extent which was generally proportional to the concentration of agent used. The implications of these findings are discussed.
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There has been litde work on the action of anaesthetics at the cellular level. Exceptions are the work of Siefritz (1941) who observed the inhibition of protoplasmic streaming in the slime mould by anaesthetic vapours, Proetz (1941) , and Negus (1934) who studied the inhibition by anaesthetics of ciliary activity of rabbit and frog respectively. Nunn, Dixon and Moore (1968) investigated the action of halothane on the oxygen consumption and motility of Tetrahymena pyriformis. Information on the action of volatile anaesthetic agents on bacteria is, however, sparse. Liquid chloroform has been shown to be instantly bactericidal for enterobacteria (Bray, 1945; Hutner and Bjerknes, 1948) , and chloroform vapour has been used for the sterilization of surfaces (Meynell and Meynell, 1965) . On the other hand, Bany, Paiement and Dubeau (1964) have claimed that halothane and methoxyflurane vapour in clinical concentrations have no effect on Escherichia coli and Staphylococcus aureus. More recently Wardley-Smith and Nunn (1970) have shown that halothane causes a decrease in growth rate of bacteria growing in broth, while White and Dundas (1970) have demonstrated a reversible depression of light emission by halothane in Photobacterium phosphoreum.
In the present investigation a technique was devised in which a known number of bacteria were exposed to a given concentration of volatile anaesthetic agent. E. coli was used in the experiments to be reported as it is readily handled with simple laboratory equipment.
MATERIALS AND METHODS
Briefly, the method consisted of spreading a known number of organisms on to the surface of a membrane which was then suspended in a gastight jar containing the vaporized anaesthetic agent. After exposure to the vapour for a given period of time the membrane was removed and placed on nutrient agar. The colonies produced by surviving organisms were counted next day.
One strain of E. coli was used throughout the experiments, and subcultures were made on nutrient agar to provide a working stock of organisms; a fresh working stock was prepared approximately every seven days.
A suspension of organisms which would give a countable number of colonies at the end of the experiment was prepared as follows. A tube of nutrient broth (Oxoid No. 2) was inoculated with E. coli and incubated at 37°C overnight. 0.5 ml of the resulting suspension of organisms was added to 4.5 ml of fresh nutrient broth and incubated at 37°C for 90 minutes; it had been found in preliminary experiments that this procedure would give a reasonably reproducible suspension of organisms in the exponential phase of growth. A dilution of this suspension in sterile physiological saline was then prepared to give approximately 1 x 10' organisms per ml.
Aliquots of 0.1 ml of this suspension were placed on to sterile cellulose acetate membranes (HAWG 047 50 with grid; Millipore Corporation (UK.) Ltd, Wembley, London) resting on welldried sterile 4 per cent agar in petri dishes. To ensure an even distribution of organisms on the membrane care was taken to exclude bubbles of air from between the membrane and the agar. The inoculum was placed in the centre of the membrane and spread evenly over the surface with a sterile glass spreader. The saline was drawn through the porous disc by inhibition by the agar, leaving the organisms on the surface of the membrane. The completion of this process was observed by the return of the matt appearance of the surface of the membrane.
Three inoculated membranes were suspended from small clips on a frame which was rapidly placed in an anaerobic jar (Baird & Tatlock).
The required concentration of anaesthetic agent was obtained by vaporizing a calculated volume of the liquid anaesthetic in the jar. Alternatively, a slow continuous flow of the required concentration of vapour was obtained by the appropriate dilution of a saturated vapour. As a control in each experiment three inoculated membranes were placed in a jar into which no anaesthetic vapour was introduced.
After exposure for either 2 or 3 hours the membranes were removed, placed on Diagnostic Sensitivity Test agar (Oxoid) and incubated at 37 °C overnight. Surviving organisms produced colonies which were counted.
RESULTS

Reprodncibility of the technique (table I).
The reproducibility of the diluting and suspending technique was determined by simultaneously inoculating several discs as described above. The discs were immediately placed on nutrient agar, incubated overnight and the colonies counted. The standard deviation of the number of colonies cultured in three separate experiments was determined. It will be seen that the counts are subject to a standard deviation of not more than 7.5 per cent of the mean count. Because of the inherent impossibility of producing exactly the same number of organisms in different experiments comparisons between separate experiments are not valid and in later experiments the mean number of survivors was expressed as a percentage of the mean control count.
Effect of humidity and oxygen (tables II andllT).
Experiments were performed to determine the effect of oxygen and humidity on bacterial survival since variation in these factors might affect bacterial survival even in the absence of anaesthetic vapours. Organisms were exposed for 3 hours at room temperature to air which was either fully saturated with water or of very low humidity in the presence of silica gel. It is seen (table II) that an atmosphere of high relative humidity is required for a survival of organisms in the absence of any other noxious agent. Organisms were also exposed for 3 hours to fully saturated atmospheres containing 100 per cent oxygen, 21 per cent oxygen and 100 per cent nitrogen. The results (table  m) show that the presence of oxygen has no significant effect on the survival of the organisms.
On the basis of these results, subsequent experiments with volatile anaesthetic agents were carried out in an atmosphere of air or oxygen at high relative humidity. This was achieved by passing the anaesthetic mixture through a bubble humidifier and by maintaining a layer of water at the bottom of the exposure chamber. 
Effect of volatile anaesthetic agents (table IV).
The effect of exposure of the organisms to various concentrations of volatile anaesthetic agents was determined, using the method described above except that exposure in each case was for 2 hours. It can be seen (table IV) that the effect of halothane, chloroform, trichloroethylene, and methoxyflurane was to reduce the number of surviving organisms. At the highest concentration of each agent tested, there were no surviving organisms. The differences between the number of surviving organisms and the number of control organisms in each case are significant. Although the reduction in survival is proportional to the concentration of agent used, the differences between the proportion of survivors at different concentrations are not always statistically significant. This reflects the inability of die method to discriminate between small concentration differences of volatile agents.
In the case of diethyl ether, the general pattern of survival is similar but there is no statistically significant difference between the controls and the number of survivors at 5 per cent. However, the difference becomes significant at concentrations of 10 per cent (P<0.01) and 20 per cent (P<0.01) diethyl ether. Nevertheless the proportion of survivors is greater in the case of diethyl ether than with any of the other agents.
DISCUSSION
Our results show that anaesthetic vapours in the concentrations commonly produced in anaesthetic equipment cause a reduction in the viability of E. coli. At higher concentrations killing is complete. These observations are in conflict with those of Barry, Paiement and Dubeau (1964) who found that in the vapour state neither halothane nor methoxyflurane was tidal for Staph. aureus or E. coli. However, in their experiments the organisms were exposed to the vapours on the surface of blood agar and it is possible that serum proteins present in the medium had a protective effect (Wilson and Miles, 1964) . This type of protective effect would also account for the findings of Bruce (1967) that 30 per cent w/v of halothane resulted in only a small diminution in the growth rate of Salmonella typhimurium in broth. Bacterial contamination of anaesthetic equipment is common (Jenkins and Edgar, 1964) . The organisms are found adhering to the inner surfaces of masks and corrugated rubber tubing which, while the equipment is in use, are covered by a thin film of condensed water vapour. The method for measuring the bactericidal power of volatile anaesthetic agents which we describe depends on the exposure of organisms on a moist inert substrate in the absence of nutrient. This is a convenient model of the state of affairs in anaesthetic equipment during use.
Each of the anaesthetic agents tested has a bactericidal activity that is proportional to the concentration and at the highest concentration all except diethyl ether lead to sterilization of the membranes. The well-known bactericidal activity of chloroform has already been referred to and a similar activity on the part of other halogenated, fat-soluble anaesthetic agents was predictable. The bactericidal action of diethyl ether is of particular interest Topley (1915) showed that non-sporing organisms incubated in an atmosphere saturated with diethyl ether were killed in from 1 to 48 hours. Our experiments using a more sensitive technique confirm Topley's findings that diethyl ether is bactericidal, but even at a concentration of 20 per cent diethyl ether vapour is less active than lower concentrations of the other agents that were tested.
Though the usual respiratory pathogens have only infrequently been isolated from anaesthetic equipment it is surprising that severe postoperative chest infection is not more common than it is. This is the more remarkable because anaesthetic vapours inhibit ciliary activity (Negus, 1934; Proetz, 1941 ) and the apparatus is not, for the greater part, sterile.
We do not claim that anaesthetic vapours at concentrations in the clinical range have anything more than a minimal bactericidal effect. Nor is it likely that high anaesthetic concentrations will prove to be effective in sterilizing anaesthetic equipment. Our observations do, however, suggest that the mild antibacterial action of anaesthetic vapours in clinical concentrations on organisms present in anaesthetic equipment may be at least a factor responsible for an incidence of postoperative chest infection which is much lower than might be expected. This is particularly so in view of the disturbances of normal particleclearing activity of ciliated epithelium.
E. coli is not a common respiratory pathogen and it was selected for ease of handling and to establish the method in principle. In further experiments it will be necessary to test the effect of anaesthetic vapours on the common respiratory pathogens and this work is in progress.
